Objectives: Our aims were (1) to compare the respective ability of ultrasonography and palpation to detect nodal metastasis during initial staging and follow-up in patients having melanomas and (2) to assess, we believe for the first time, which ultrasound criteria should be used to define metastasis in cases of cutaneous or mucosal melanoma.
M

ELANOMA INCIDENCE
has increased dramatically over the last decades, 1 and the regional lymph nodes are the most common first sites of melanoma progression. According to the largest analysis of prognostic factors conducted to date, the prognosis for patients having melanoma with lymph node involvement has depended on the number of metastatic nodes, whether nodal metastases were palpable, and the presence or absence of primary tumor ulceration. 2 Because treatment of distant melanoma metastases is poorly effective, attempts to diagnose early nodal spread are warranted to initiate earlier therapeutic lymphadenectomy (LD) even though the efficacy of this strategy on patient survival has not been verified in randomized controlled clinical trials. Early detection can be achieved by intraoperative lymphatic mapping and sentinel lymphadenectomy (LM/ SL) 3 during initial cancer staging and/or by careful surveillance after excision of the primary tumor. Although recent retrospective 4, 5 and prospective 6 studies have demonstrated the effectiveness of this approach, recommended follow-up protocols vary from country to country, with significant differences in expert opinions and practices.
Previous studies have suggested that ultrasonographic scans, which are inexpensive to perform, are better able to detect lymph node metastases of melanoma than palpation, [7] [8] [9] [10] [11] [12] [13] [14] [15] but Binder et al 16 did not find ultrasonography to be significantly more sensitive than palpation. However, most of those studies were biased, mainly because the definition of true-negative was absent, incomplete, or questionable, and because an uneventful follow-up of 6 or more months after ultrasonographic evaluation was required in only 2 studies. 8, 10 Also, the independence between physical examination and ultrasonographic evaluation (ie, the assurance that ultrasonography results did not influence palpation) was stated in only 2 studies. 7, 8 Finally, ultrasonographic criteria of lymph node metastasis varied from study to study, and the impact of these variations on the diagnostic accuracy of ultrasonography has not yet been assessed. The most frequently used ultrasonographic criteria were nodal shape (circular/ oval) or low Solbiati index (ie, a low longitudinaltransverse diameter ratio) and low echogenicity. [7] [8] [9] [10] [12] [13] [14] [15] [16] Most authors added other criteria, but the relative importance of each to detect metastasis was not clearly specified. 7, 9, 10, 12, 14, 15, 17 In contrast, other imaging techniques were of little value in the routine follow-up of asymptomatic patients with localized melanoma. 6 To better assess the contribution of lymph node ultrasonography to initial cancer staging and follow-up in patients with melanoma, our aims were (1) to compare, in a prospective study, the ability of high-resolution lymph node ultrasonography with that of palpation to detect nodal metastasis in patients with melanoma; (2) to evaluate, we believe for the first time, which ultrasonographic criteria should be used to define metastasis in cases of cutaneous or mucosal melanoma; and (3), because scar tissue can modify ultrasonographic images, to evaluate whether ultrasonography remains useful once patients have undergone radical LD.
METHODS
SELECTION CRITERIA AND STUDY VARIABLES
All patients with cutaneous or mucosal melanoma seen in our dermatology department from May 1993 to May 2003 were prospectively followed up and their outcomes were entered into a computerized database. If primary excision had been performed elsewhere, the original slides were reexamined by an experienced pathologist. All patients had confirmed diagnoses of melanoma, and the lesions were staged using the classification of the American Joint Committee on Cancer. 18 Beginning in September 1995, follow-up visits of patients with melanoma were conducted according to the 1995 guidelines of the French consensus conference. 19 Patients with a melanoma 1.5 mm or less in thickness were to be examined every 6 months during the first 10 years after primary tumor resection, and patients with a melanoma greater than 1.5 mm in thickness or with histopathologic signs of melanoma regression were to be examined every 3 months during the first 5 years, then every 6 months through the 10th year. Patients with stage III melanoma were monitored every 3 months. Particular emphasis was placed on teaching patients self-examination as well as how to recognize symptoms of recurrence and the appearance of a second melanoma. Each consultation consisted of complete history taking, and the inspection of the entire skin surface as well the primary resection scar, the lymphatic drainage area(s), and all lymphatic regions. No routine chest radiograph, abdominal ultrasonographic scan, or blood test was performed after the initial evaluation in patients with nonsymptomatic stage I or stage II melanoma, but these tests were performed every 3 months in patients with stage III melanoma. Follow-up examinations took place alternatively in our department and at private dermatology practices, with all imaging techniques performed in our hospital.
After September 1995, and as optionally proposed by the French Consensus Conference, 19 we added ultrasonographic evaluation of the resected tumor scar, lymphatic drainage area(s), and regional node region(s) to the routine initial and follow-up examinations performed in our department for all new patients with stage I to III melanoma. The study followed the principles outlined in the Declaration of Helsinki. All patients gave informed oral consent. Ultrasonographic procedures were precisely defined. Moreover, the operators were asked to describe prospectively longitudinal and cross sections of all abnormal lymph nodes as well as the shape, echogenicity, size, and appearance of the margins of abnormal nodes.
For the interim analysis we identified from our database all new patients with stage I to III disease seen between September 1, 1995, and August 31, 2001, excluding patients with in situ melanoma. All paired palpation and ultrasonographic examinations performed during this period were selected for analysis. Original radiologic reports and images were collected by a radiologist (M.B.) with great experience in ultrasonography who was blinded to the patients' outcomes.
PALPATION AND ULTRASONOGRAPHY
Lymph nodes were palpated by specifically trained dermatologists. Enlarged lymph nodes with firm resistance were clinically considered metastatic. Soft, tender, enlarged lymph nodes with a history or evidence of injury or infection were considered inflammatory.
On the same day as clinical examination for nearly all patients, ultrasonography was performed by radiologists experienced in ultrasonography who were blinded to the result of palpation and had little information concerning the patients' melanoma characteristics (ie, Breslow index, location, American Joint Committee on Cancer staging, and presence or absence of previous elective or sentinel LD). A Power Vision 6000 (Toshiba Medical France SA, Puteaux, France) was used, with a 6-to12-MHz linear transducer set between 7.5 and 12 MHz according to the depth of nodes being explored. When the interpretation of images was doubtful, a consensus was reached with the main investigator from the Department of Radiology (S.C.). The ultrasound examination started at the site of the excised primary melanoma scar and followed the paths of the lymphatic vessels to the lymph node area(s), as previously described. 12 A longitudinally configured lymph node with an echogenic hilum was considered reactive. Various features were used to define ultrasonographic lymph node involvement. A circular/ oval hypoechoic lymph node with a Solbiati index less than 1.5 and no hyperechoic hilum constituted the major criteria for metastatic involvement. Minor criteria for nodal metastasis were a nodular hypoechoic focus within a lymph node with an irregular lymph node margin, 20 and stringent criteria were the presence of all 3 major criteria ( Figure 1) . Nonstringent criteria of nodal metastasis were the presence of 1 or 2 major criteria and/or 1 or 2 minor criteria (Figure 2) . Patients with ambiguous images were reexamined clinically and by ultrasonography within 6 weeks; only the final conclusion was retained for analysis. Because our aim was to assess the diagnostic efficacy of palpation vs ultrasonography, ultrasonographic examinations performed to monitor treatment of a previously known lymph node metastasis were also excluded from analysis. When ultrasonographic examination was repeated within a month, usually to perform fine-needle aspiration biopsy (FNAB) if it had not been done during initial imaging, the result of the first examination was retained for analysis.
The analysis presented herein was restricted to findings within lymph node area(s), excluding in-transit metastases and recurrences within the initial melanoma resection scar. All metastases found within lymph node areas were considered to be nodal metastases, although, in advanced cases, it was sometimes impossible to prove their nodal localization histologically.
DEFINITIONS OF NODAL STATUS
The mode of nodal status assessment was left to individual dermatologists. Nodal status was defined histologically or based on evolution. All nodes with histologically proven tumoral deposits, no matter their size, were considered metastatic. The definitions given below were used as a priori criteria to classify all possible results of palpation and ultrasonography.
A positive palpation or ultrasonographic finding was considered true-positive when histopathologic studies of LD, FNAB, or LM/SL performed during initial staging revealed lymph node metastasis. A positive palpation or ultrasonographic finding was considered a false-positive when immediate histopathologic studies of a LD or LM/SL did not reveal lymph node metastasis, or when FNAB result was negative and no further surgery was performed and the results of palpation and ultrasonography remained negative at least 6 months.
A negative palpation or ultrasonographic finding was considered a true-negative when the result of the initial LM/SL was negative or follow-up visits over 6 months did not provide any evidence of nodal metastasis. A negative palpation or ultrasonographic finding was considered a false-negative when histopathologic studies of LD, FNAB, or LM/SL revealed lymph node metastasis, or when nodal metastasis was histologically detected within the next 6 months. In addition, patients with negative findings at the last paired examinations had to remain lymph node negative for at least 12 months after the last paired examinations included in the analysis for these findings to be considered true-negatives or false-positives. Diagnoses of postsurgical lymphocele, hematoma, or fibrosis were given following laboratory results for the aspiration sample or a compatible outcome.
STATISTICAL ANALYSIS
Based on the findings of the study conducted in the early 1990s by Binder et al 16 we calculated that 230 patients had to be included to demonstrate, with ␣ and ␤ set at .05 and .2, respectively, a statistically significant difference in the sensitivity of ultrasonography to detect lymph node metastasis compared with palpation. An interim analysis was scheduled to be performed after the inclusion of two thirds of the scheduled number of patients. Sensitivity, specificity, and positive and negative likelihood ratios and their 95% confidence intervals were calculated for palpation and ultrasonography, with stringent and nonstringent criteria for nodal metastasis, using standard formulas. Comparisons were done using the McNemar test for paired samples or the 2 test for independent variables. P values less than .05 were considered significant. The Standards for Reporting of Diagnostic Accuracy checklist was used. 21 
RESULTS
During a 6-year period, 197 consecutive new patients having melanoma were considered for this study. However, 8 patients presenting with stage IV melanoma and 19 with melanoma in situ were excluded, as were the 10 patients with thin melanomas (Breslow thickness ± SD, 0.58±0.41 mm) who opted to be followed up only by their private practice dermatologists. None of the latter experienced melanoma progression. Table 1 lists the clinical characteristics of the 160 patients included in this study. Long-term follow-up was available for all patients. For patients with multiple melanomas (there were 10 patients with 2 melanomas, 1 patient with 3, and 1 patient with 4), ultrasonographic studies covered all draining lymphatic vessels. During the study period, melanoma spread in 42 patients (26%). Recurrence occurred as regional lymph nodes with or without other metastases in Figure 1 . Ultrasonographic aspect of axillary lymph node metastasis meeting the stringent criteria of an oval (38 ϫ 22-mm), hypoechoic, enlarged node with no hyperechoic hilum. The oval, low-echogenic structure above the lymph node metastasis was a subcutaneous in-transit metastasis. 33 patients (21%); distant metastases in 7 patients; and isolated in-transit metastasis in 2 patients. Among the 33 patients with nodal recurrences, 2 had stage I, 28 had stage II, and 3 had stage III melanoma. Six ultrasonographic procedures initially yielded ambiguous results; their repetition within 6 weeks, however, enabled the operator to reach a definitive conclusion. In all, 391 paired palpation and ultrasonographic examinations were available, for a mean±SD of 2.44 ± 2.23 paired examinations per patient (range, 1-12). There were 101 paired examinations in patients with stage I, 183 in patients with stage II, and 107 in patients with stage III melanomas. Ninety-three paired examinations were performed in patients with lymph node areas previously treated with radical LD and 14 in patients with in-transit metastases without previous radical LD. Nodal status was defined histologically in 113 patients and on the basis of evolution in 278 patients. Among the patients who had paired examinations and histologically defined nodal status, 34 had undergone LM/SL and the procedure had allowed detection of lymph node metastases in 7. Fine-needle aspiration biopsy was performed in 21 patients who had undergone paired examinations and results were positive in 7. Surgical interventions were found necessary for 58 patients following paired examinations. No adverse effects of ultrasonography were recorded.
OVERALL DATA ANALYSIS
There were 65 paired palpation and ultrasonographic examinations performed in patients whose nodal status was metastatic. Metastatic status was detected by both methods of examination in 26 patients (40%); by ultrasonography only in 24 patients (37%); by palpation only in 1 patient; and by neither method in 14 patients (22%). In the latter group of patients, 8 paired examinations with negative results were followed by ultrasonography and/or palpation with positive results a mean±SD of 86±39 days later, and 6 paired examinations were performed immediately before LM/SL.
The overall sensitivity of the palpation method for the detection of nodal metastasis differed significantly from that of stringent ultrasonography (PϽ.001) ( Table 2) . The overall specificity of the palpation method also differed significantly from that of ultrasonography with stringent criteria (PϽ.05). The markedly higher positive likelihood ratio and the lower negative likelihood ratio of detection of lymph node metastasis using ultrasonography with stringent criteria further support the superiority of ultrasonography over palpation in the detection of lymph node metastasis.
ULTRASONOGRAPHIC CRITERIA
The respective contribution of the ultrasonographic criteria to accurately diagnose nodal invasion is reported in Table 2 . Compared with the stringent criteria, the nonstringent criteria provided only 3 more true-positive results without significantly improving sensitivity; moreover, they generated 40 additional false-positive results. Compared with the specificity of the stringent criteria, the specificity of the nonstringent criteria was significantly lower (PϽ.05); moreover, their positive likelihood ratio was much lower while their negative likelihood ratio remained essentially unchanged.
IMPACT OF PREVIOUS RADICAL LD
The impact of prior LD on the findings of palpation and ultrasonography with stringent criteria in lymph node area(s) for the detection of melanoma recurrence is reported in Table 3 . In patients who did or did not undergo prior radical LD, no significant differences were observed regarding sensitivity, specificity, and negative likelihood ratios between palpation and ultrasonography with stringent criteria. Positive likelihood ratios were higher for both methods in the absence of prior radical LD. However, ultrasonography correctly diagnosed clinically unsuspected lymphoceles in 6 patients, hematoma in 1 patient, and fibrosis in 1 patient.
MELANOMA STAGE AND LOCATION
The respective sensitivity and specificity of palpation and ultrasonography with stringent criteria to detect lymph node recurrence of melanoma were not significantly different regarding melanoma stage (I, II, or III) or the location of the thickest melanoma (data not shown).
COMMENT
Our results showed that, for experienced dermatologists and radiologists, ultrasonography was much more sensitive than palpation for the detection of nodal extension of melanoma. Although both techniques had good specificity, ultrasonography was slightly but significantly more specific. These findings were maintained even for lymph node areas that had previously undergone radical LD and were not influenced by melanoma stage or location. Our observations are in accordance with most previous studies, which reported the sensitivity of lymph node palpation and ultrasonography to range from 23.1% to 85.4% and 87.5 to 99.1%, respectively, and their specificity to range from 63.2% to 99.7% and 96.8% to 99.7% (Table 4) . [7] [8] [9] [10] [12] [13] [14] [15] [16] 22 Three main factors might explain why the sensitivity of ultrasonography was slightly lower in our study than in previous reports. First, we included patients for whom nodal status was defined by LM/SL, in whom the sensitivity of ultrasonography has been shown to be only 39%. 17 Second, our definition of true-negative results required an uneventful follow-up period of at least 6 months, whereas in most published studies the definition of true-negative results was absent, incomplete, or questionable. Third, we applied stringent ultrasonographic criteria of lymph node invasion, and thus probably increased the number of false-negative results. Notably, when the uneventful follow-up period defining a true-negative result after an ultrasonographic examination was set at 3 months, sensitivity increased to 80.4% while specificity remained unchanged (data not shown).
Although we used very strict criteria to accurately define nodal status, we were able to statistically demonstrate that ultrasonography with stringent criteria had higher sensitivity and specificity than palpation for the detection of nodal metastases of melanoma. Only 1 other study reported similar findings.
14 The authors of 2 previous studies reported higher sensitivity for ultrasonography than for palpation but no significant difference in specificity. 13, 15 A higher specificity for ultrasonography was also found in another study, but not a higher sensitivity. 16 Other investigations failed to provide adequate statistical comparisons of palpation and ultrasonography. Like others, we were unable to demonstrate statistically significant differences in diagnostic accuracy between the 2 methods regarding melanoma location or staging.
We used a 6-to 12-MHz linear transducer, whereas the upper transducer frequencies used by other authors ranged predominantly from 5 to 10 MHz, with only one 15-MHz transducer used (Table 4) . 16 A high-frequency scanhead can better visualize lymph node structure. 15 We did not use color Doppler sonography and the only study to assess its use in patients with melanoma evaluated only patients with palpable nodes. 23 Although most metastatic nodes lacked hilum vessels and showed complete or partial perfusion in this study, their resistance and pulsatility indices were lower than those reported for malignancies other than melanoma, and, because of the overlap between metastatic and nonmetastatic groups, these indices had no diagnostic value. We also did not use the newly developed sonography-enhancing agents that may improve vessel identification. †A circular/oval hypoechoic lymph node with a Solbiati index less than 1.5 and no hyperechoic hilum constituted the major criteria for metastatic involvement. Minor criteria for nodal metastasis were nodular hypoechoic focus within a lymph node and irregularity of lymph node margin. 20 Stringent criteria for metastatic nodes were the presence of all 3 major criteria. Nonstringent criteria of nodal metastasis were the presence of 1 or 2 major criteria and/or 1 or 2 minor criteria. We compared, we believe for the first time, the diagnostic values of stringent and nonstringent sets of ultrasonographic criteria of nodal involvement and could clearly conclude that the use of the latter criteria was associated with significantly lower specificity and unimproved sensitivity. This finding has obvious practical implications, as our stringent criteria are easy to recognize (and thus to teach), thereby shortening the diagnostic process. We were unable to find any other study evaluating during follow-up the diagnostic value of the criteria proposed by Vassallo et al 25 for patients with stage I and stage II melanomas. Voit et al 13 and Prayer et al 8 detected ultrasonographically "uncertain" lymph nodes in addition to melanoma metastases, but their findings only led to a control sonographic evaluation within 4 to 6 weeks and the diagnostic accuracy of their criteria was not assessed. Indeed, in 3 studies, 8, 13, 16 melanoma metastasis was defined ultrasonographically only as round or slightly oval masses with poor echogenicity, while 7 studies added various criteria to the definition of metastatic lymph nodes. 7, [9] [10] [11] [12] 14, 15 In a study including only patients having melanoma with palpable nodes prior to radical LD, the presence of at least 2 of the 3 criteria (Solbiati index Ͻ2, hypoechoic center, and the absence of hilum vessels) yielded 100% sensitivity and 96% specificity for the diagnosis of melanoma metastases. 23 The differential diagnosis of round or slightly oval masses with poor echogenicity also includes lymphoma, necrotic lymph nodes (tuberculosis), and cystic masses. The differential diagnosis of enlarged lymph node includes inflamed lymph nodes.
In addition, we were unable to demonstrate any influence of previous radical LD on the diagnostic performance of ultrasonography using stringent criteria. Four previous studies clearly included patients with stage III along with patients with stage I and II melanoma 9, [12] [13] [14] but the impact of prior LD on the diagnostic accuracy of ultrasonography was not assessed. In these advanced cases, it was sometimes impossible to prove nodal localization histologically because of total architectural destruction of the metastatic node(s), and some patients may have had in-transit metastases. However, this limitation has no practical impact on patient management. Moreover, differential diagnoses of lymphocele, hematoma, or fibrosis were frequently made on ultrasonographic examination. There are some other methodological advantages to our approach, namely its prospective design, the precisely defined criteria used for assigning nodal status, the strictly defined follow-up protocol after melanoma excision, and the availability of follow-up information to all patients. Ultrasonography was performed independently from palpation, which was done by dermatologists-a feature stated in only 2 other studies. 7, 8 However, our study has some disadvantages. Although patients' follow-up and ultrasonographic procedures had both been prospectively established, ultrasonography did not have to be performed at every follow-up visit conducted in our department, and more ultrasonographic examinations were prescribed by dermatologists for patients with poor prognoses. Nodal status was not assessed histologically in all patients. The impact of this verification bias (when disease status is not determined in all examined subjects and when the probability of verification depends on the diagnostic test result, other variables, or both), which may markedly increase the apparent sensitivity of the test and lower its apparent sensitivity, 26 must be considered. As a longterm recurrence-free follow-up was required to define nonmetastatic nodes, however, this bias did not seem to distort our conclusions. Finally, and as in all published studies (except one in which nodal status was defined by initial LM/SL, 11 and another in which only 1 set of paired clini- cal and ultrasonographic examinations was performed per patient 8 ) paired palpation and ultrasonographic examinations were not independent events for a single individual, as a given patient with stage I or stage II melanoma has only 1 probability of progressing to nodal involvement during follow-up. This fact may have artificially enhanced the diagnostic accuracy of both palpation and ultrasonography, although this is difficult to establish.
In our study, ultrasonography was superior to palpation to diagnose lymph node metastasis in patients with stage I, stage II, or even stage III melanoma. Stringent ultrasonographic criteria, which are easy to recognize, should be used. Ultrasonography should be a part of the patients' surveillance program. 6 However, this strategy is based on an unproven postulate, ie, that the earlier melanoma nodal metastasis is diagnosed and treated, the better the prognosis will be. However, Garbe et al 6 in their prospective evaluation of follow-up of patients with melanoma classified metastases as an early or late discovery according to status at the time of detection. Organ or lymph node metastases no greater than 2 cm in diameter and with an indication for surgery with a curative intent were graded as early discoveries. More advanced metastases were considered to be late discoveries. The rate of detection of metastasis at an early stage of development varied according to the examination method used, with 71% of lymph nodes found with ultrasonography and 56% with palpation being classified as early discoveries. Among the other imaging techniques used, 30% of the recurrences detected by computed tomographic scans were discovered at an early stage of development, and chest radiographs and abdominal ultrasound examinations only detected 25% of early recurrences. On the other hand, our finding that lymph nodes discovered with only nonstringent criteria (as opposed to our stringent criteria) should be regarded as having a low probability of being invaded should be confirmed by other studies. For the moment, such nodes should undergo repeated ultrasonographic examinations at short intervals, FNAB, or even surgical excision. 
